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Summary

The purpose of this plan is to provide a post-closure groundwater monitoring program for the
216-S-10 pond and ditch (S-10) treatment, storage, and/or disposal (TSD) unit. The plan incorporates the
sum of knowledge about the potential for groundwater contamination to originate from the S- 10,
including groundwater monitoring results, hydrogeology, and operational history. The S-10 has not
received liquid waste since October 1991. The closure of S-10 has been coordinated with the 200-CS-1
source operable unit in accordance with the Hanford Federal Facility Agreement and Consent Order
(Tri-Party Agreement; Ecology et al. 1989) interim Milestones M-20-39 and M-15-39C.

The S-10 is closely situated among other waste sites of very similar operational histories. The
proximity of the S-10 to the other facilities (216-S-17 pond, 216-S-11 pond, 216-S-5,6 cribs, 216-S-16
ditch and pond, and 216-U-9 ditch) indicate that at least some elevated chromium concentrations
observed at upgradient and downgradient wells of S-10 could have originated from waste sites other than
S-10. Hence, it may not be feasible to strictly discriminate between the contributions of each waste site to
groundwater contamination beneath the S-10.

A post-closure groundwater monitoring network is proposed that will include the drilling of three new
wells to replace wells that have gone dry. When completed, the revised network will meet the intent for
groundwater monitoring network under WAC 173-303-645, and enable an improved understanding of
groundwater contamination that may have originated at the S-10. Site-specific sampling constituents are
based on the dangerous waste constituents of concern relating to Resource Conservation and Recovery
Act TSD unit operations (TSD unit constituents) identified in the Part A Permit Application. Thus, a
constituent is selected for monitoring if it is:

" A dangerous waste constituent identified in the Part A Permit Application, or
" A mobile decomposition product (e.g., nitrate from nitrite) of a Part A constituent, or
" A reliable indicator of the site-specific contaminants (e.g., specific conductance).

Using these criteria, the following constituent list and sampling schedule is proposed:

iii

Constituent Sampling Frequency

Site-Specific Parameters

Hexavalent chromium(s) Semiannual
Chloride Semiannual
Fluoride Semiannual
Nitrate Semiannual
Nitrite Semiannual
Specific conductance (field)a) Semiannual
Ancillary Parameters

Anions \u

Alkalinity Ana
Metals, (in addition to chromium) Annual
pH (field) Semiannual
Temperature (field) Semiannual
Turbidity (field) Semiannual
(a) These constituents will be subject to statistical tests after

background is established.



It will be necessary to install new monitoring wells and accumulate background data on the ground-
water from those wells before statistical comparisons can be made. Until then, the constituents listed
above will be evaluated by tracking and trending concentrations in all wells and comparing these results
with the corresponding drinking water standard (DWS) or Hanford Site background concentration for
each constituent. If a comparison value (background or DWS) for a constituent is exceeded, the
U.S. Department of Energy (DOE) will notify Washington State Department of Ecology (Ecology) per
WAC 173 -3 03-64 5(9)(g) requirements (within 7 days or a time agreed to between DOE and Ecology).

iv
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1.0 Introduction

This document provides a Resource Conservation and Recovery Act (RCRA) post-closure ground-

water monitoring plan for the 216-S-10 pond and ditch (S-10) prepared to final status standards pursuant

to the Hanford Federal Facility Agreement and Consent Order (Tn-Party Agreement; Eology et al.

1989) Action Plan, Section 5.3. The S-10 is located south-southwest of the 200 West Area on the

Hanford Site in Washington State. Since 1991, RCRA groundwater monitoring has been conducted in

accordance with interim status requirements (40 CFR Part 265, Subpart F, which is incorporated into

Washington State Department of Ecology [Ecology] regulations Washington Administrative Code

[WAC 173-303-400] by reference). The S-10 is currently monitored under interim-status, indicator-

evaluation as described in Williams and Chou (2002). The site is also within the 200-UP-1 Groundwater

Operable Unit and 200-CS-1 source Operable Unit of the Comprehensive Environmental Response,

Compensation, and Liability Act (CERCLA). The S-10 has not received liquid waste since October 1991.

The plan presented here describes a revised well network and updates the list of constituents based on

the knowledge gained from monitoring data collected over the past 14 years for this site and the Part A

Permit Application. The plan includes the current interpretation of groundwater flow and a summary of

groundwater analytical results. Additionally, an updated conceptual model of contaminant transport

through the vadose zone beneath the S-10 is presented in this plan to assist in developing appropriate

monitoring for this facility.

1.1 Objectives and Scope

The purpose of this plan is to provide a RCRA post-closure groundwater monitoring program for the

S-10. The plan incorporates the sum of knowledge about the potential for groundwater contamination to

originate from the S-10, including groundwater monitoring results, hydrogeology, and operational history.

A conceptual model is developed based on these attributes of the S-10 site and the data quality objective

(DQO) process to be issued under a separate title. The groundwater monitoring program presented in this

plan is intended specifically to satisfy monitoring requirements for treatment, storage, and/or disposal

(TSD) facilities, as required by WAC 173-303-806 and WAC 173-303-645.

1.2 Regulatory Status and History

The S-10 has been regulated by WAC 173-303-400 and has been monitored under a RCRA interim

status groundwater monitoring program since 1991 (Airhart et al. 1990; Williams and Chou 2002). The

RCRA Part A Permit Application for this TSD unit was first submitted to Ecology in June 1987.
Revisions to the Part A Permit Application have been submitted and approved over the years. RCRA

groundwater monitoring at the S-10 was initially required because regulated waste from synthetic double-

shell tank slurry was discharged to the site in 1983. The waste types comprising the slurry are those

identified in the Part A Permit; these (and corresponding waste codes) are ignitability (DOO 1), corrosivity

(D002), chromium (D007), and state-only toxicity (WT01, WT02).

The S-10 is also within the boundary of the CERCLA 200-UP-1 Groundwater Operable Unit, which

has the responsibility for groundwater cleanup activities. The Tri-Party Agreement requires that charac-

terization and remediation of waste sites integrate the requirements of CERCLA and RCRA and provide a

consistent, standard approach to cleanup activities to assure that applicable regulatory requirements are
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met. The 200 Areas Implementation Plan (DOE 1999) outlines a framework to provide for consistent,
integrated cleanup actions (i.e., characterization and remediation) in the 200 Areas and integrates the
requirements of RCRA and CERCLA into one standard approach for cleanup activities.

Besides the ongoing RCRA interim status groundwater monitoring, the S-10 is part of the CERCLA
200-CS-I chemical sewer group of waste sites, based on waste-stream groupings. A remedial investi-
gation, which included the S-10, was recently completed for the 200-CS-1 Operable Unit and the results
presented by DOE (2004). Comprehensive chemical and radiological analyses were performed on soil
samples from boreholes and trenches excavated within the S-10 during 1999-2003.

In accordance with Milestone M-1 5-OOC, all characterization work in the 200 Areas is to be
completed by December 31, 2008. An associated milestone, M-20-39C, requires submittal of the S-10
closure/post-closure plan to Ecology in March 2006. This groundwater monitoring plan also supports
these milestones. Relevant sections of this groundwater monitoring plan (e.g., monitoring well network,
constituent list and sample frequency, water level monitoring, sampling and analysis protocol, quality
control, and data management, evaluation, and reporting) will be incorporated into Part VI, Post Closure
Units, in the Hanford Facility RCRA Permit following completion of the notice of deficiency process in
the Tri-Party Agreement, Action Plan Section 9.2.2.
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2.0 Description of the 216-S-10

The information contained in this section caine from several sources: Waste Information Data
System (WIDS) General Summary Reports. Maxfield (1979), and DOE (1987), DOE/RL ( 1992, 2004).

2.1 Facility Description and Operational History

lie S-10 is located south-southwest of the 200 West Area. directly outside the perimeter fence
(Figure 2.! . initially the S-10 consisted of an open, unlined ditch (216-S-10 ditch) that was approxi-
mately 1.2 in (4 ft) wide at its base, at least 1.8 m (6 ft) deep, and 686 m (2,250 ft) long. The ditch began
receiving wastewater via pipeline From the Reduction-Oxidation (REDOX) facility in August 1951. The
216-S-10 pond (S-10 pond) was added to the southwest end of the S-10 in 1954: it covered 20.234 m'
(5 acres) and included four finger-like leaching trenches when it was active. The pond was approximately
2.4 m (8 ft deep at its deepest point. Like the ditch, the pond was unlined and, therefore, served as a

percolation basin for liquid discharges. Water discharged into the S-10 ditch also flowed into the
S-10 pond and infiltrated into the ground, which created perched water in the vadose zone and artificially
recharged the underlying aquifer.

Nn-RCRA Monirng Wells

W26 12 RCRA Monitoring Wells
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(;o s.mples)
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New RCRA Well
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0 500 1000 Feet

-- - - - - - - - - -

35-78A- .200.W .Area.-
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Figure 2.1. S-10 Site Map
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As shown in Figure 2. 1, several other waste disposal waste sites, which include cribs 216-S-5 and
2 16-S-6; ponds 216-S-1I 1, 2 16-S-1 6, and 216-S-1 7 and associated ditches, are in the immediate vicinity of
the S-10. The WIDS General Summary Reports give general descriptions, including descriptions of the
site and the waste it received. It is important to note that historical discharges to these sites may influence
the groundwater chemistry near the S-10. Currently, it is not possible to distinguish the potential effects
of these surrounding waste sites from that of the S-10 due to the lack of monitoring wells in the area. The
following paragraphs describe the operational history of the S-10.

In August 1951, the 216-S-10 ditch began receiving wastewater from the REDOX Plant chemical
sewer. In February 1954, the 216-S-10 pond was dug at the southwest end of the ditch to provide more
surface area for percolation. In May 1954, increases in discharge to the S-10 necessitated the digging of
the two 216-S-1l leach ponds on the southeast side of the 216-S-10 ditch. An inadvertent release of
ammonium nitrate non-hydrate reduced the infiltration capacity in the S-10 and in 1955, 0.6 m (2 ft) of
sediment was dredged from the bottom of the 216-S-10 ditch to improve water percolation in the ditch.
The contaminated sediment was buried in excavation pits along the sides of the ditch. The depth and
location of the pits are unknown (RHO 1979). The 216-S-I l lobes were dammed in 1965, so that all of
the effluent was diverted along the S-10 ditch to the 216-S-b0 pond. The south lobe of the 216-S-I l pond
was covered in the summer of 1975 and was free of radioactive contamination. The site as a whole was
stabilized by September 30, 1983. The REDOX Plant was closed in 1967. At that time, effluent to the
S-10 was reduced primarily to chemical sewer waste. When the REDOX Plant was deactivated in 1972,
physical controls were administered to eliminate hazardous discharges from the REDOX Plant to the
S-10. These controls reduced discharges from the REDOX Plant to non-hazardous chemical sewer
effluent.

In September 1983, the S-10 received a hazardous waste discharge from the Chemical Engineering
Laboratory. This laboratory produced synthetic slurry to test methods for recovering slurry from double-
shell tanks (DOE 1987). This discharge is described in more detail in Section 2.2.

The 216-S-b0 pond and southwest end of the 216-S-J0 ditch were decommissioned, backfilled, and
stabilized in October 1985: the northern portion of the ditch remained operational and received non-
dangerous chemical sewer waste from the REDOX Plant until October 1991 (BHI 1995). The effluent
supply pipeline was plugged with concrete near the outfall in July 1994. The remaining portion of the
S-10 ditch was decommissioned in 1991. The sequence of important events surrounding operation and
closure of the S-10 is summarized in Figure 2.2.

2.2 Waste Characteristics

The following section was adapted from the 200-CS-I Operable Unit remedial investigation/
feasibility study (RI/FS) work plan and RCRA treatment storage. and disposal unit sampling plan
(DOE 2000).
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STis sect ion sum mari ies the chem ical and phys ical characteristics of past discharges to (lhe S- 10.
Most of Iie ii id waste discharged to the S- 10 came from the R F DOX Plant's chenical sewer and the

Chemical En-Ineering iaborator\, both part (i the S Plant Aggregate Area (DOE 1992). 'The Chemical
sewers % cre designed to be unContaninated. but they often contained limited quantities of radion tic Iides

and chemicals Approximately 50 waste streams contributed to the 216-S-10 ditch (W IK 1990). T he

rotine aste s rcam sources include the Compressor cooling %xater from the RE DOX Plait and the
sailtar \\ at er overflow from the 290 1 -1 -901 wxater towxer. I he remaining sources \were infrequent
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2.3

1694-

e v.3

(1) :iPR.2tOW

Nn PR230 w



Table 2.1. Composition of Synthetic Double-Shell-Tank Slurry

Concentration (molarity)
Component TK-505 TK-509

Al 1.225 1.235
OH 3.40 3.42

NO, 2.18 2.115
NO 3  2.54 2.50

CO3  0.159 0.157
PO, 0.041 0.027

SO 4  <0.052 <0.052
F 0.062 0.05
Cl 0.115 0.103

Cr'0 7 0.106 0.0983

1972 the source streams from the plant were routed so that they would not come into contact with
hazardous materials. Combined cumulative liquid discharges of 6.6 x 109 L (1.7 x 10" gal) went to the
S-10 ditch and the S- I I pond.

During operations. the maximum volume of wastewater discharged to the S-10 was approximately
568,000 L (150,000 gal) per day. The annual volume of effluent discharged was approximately 1.9 x
10' L (5.0 x 10 gal). Standing water was present in the ditch and created conditions conducive to
vegetation growth. Figure 2.3 illustrates the combined effluent volume discharged to the S-b0 and S-I l
pond. Wastewater from the REDOX Plant has been combined with the 200 West portion of the effluent
collection system for disposal since 1995.
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00E+08 -F
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Time
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Figure 2.3. Effluent Volume Discharged to the 216-S-10 Ditch (21 6-S-IOD), 216-S-10 Pond, and
216-S-l Pond
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2.3 Soil Contamination Characterization Activities

Past-practice spills and documented hazardous waste releases to the S-10 have required an evaluation

of soil contamination to evaluate and develop waste site specific cleanup/closure options. An integrated

process for characterization of the RCRA regulated units within the CERCLA 200-CS-1 Operable Unit

combines an RI/FS work plan with the Implementation Plan (DOE 1999).

Based on this approach, a two-phased remedial investigation was completed in 2003 for the S-10.
The first phase of characterization was completed in 2000 and involved deep sediment sampling in one

borehole drilled at the S-10 pond (Figure 2.4). The borehole was later completed as a RCRA downgra-
dient monitoring well (299-W26-13) to replace well 299-W26-9 that had gone dry. A second phase of
field characterization, which was completed in 2003 (DOE 2004). included seven test pit excavations for

soil sampling along the ditch and pond, and one characterization borehole (later completed as downgra-
dient well 299-W26-14) midway between the head of the S-10 ditch and where the ditch meets the S-10
Pond. Preliminary results (DOE 2004) indicate that the Part A constituent chromium was detected
significantly above background levels in soil at the S-1, as was nitrate, a possible derivative of the Part A
constituent nitrite.

>5D-2

216-S-I6DS 0 *W26-8 (D)

( )W26 12 (D)
2D- W27-2 (deep)

24 B2SD-35
/W26-14 MKS82)
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W26-6.

Co.55.
,>0

\b
a,

SDI

-4W26-10 (D)

0 e5ewc
F/c

216$ 5,

4,P., d

W2&-7 ID) I ,W26 9 ID

216-S510 Pond
All Well Name, pefixed by 299-

0 400 Mtert

0 400F-eet
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W26-12 RCRA Monitoring Wells Charocterization Borehole E|= Waste Site
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Figure 2.4. The S-10 Site, Showing Locations of Soil Sampling Test Pits and Boreholes
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3.0 Hydrogeology

I his seCtioh sUimmarizes recent interpretations of the Ih y drogeo logy of I lie S- I I. Data on phyNSical

characteristics of Hlie S- 10 and the surrounding area (e.g. boreholes) are used to refine i nderstandi Ig of
the local hidrogeology beneath the site and tire potential contaminant transporl pathways from [ibe

substuiriace. toVward groundwater and toward potential receptors. ThesC dala are used to dcvelop the
conceptial model beneath the waste site (Section 5.0). In addition. the data also are needed to pro ide

enainccrimn inlormation to develop and screen remedial action alternaties. Lark studies relied on
liited horehole and xxell data to describe the stratigraph and groundwater hydrogeologx oftlie area.

More \clls ix e been drilled in recent years in the surroundin g area specificall\ targeted to collect more
charmcterization data. As a result, the quant\it and qualitx of the geologic data has been enhanced. w ich
improcs lI drogeologic model deVelopiimen t and its interpretation.

lie S-10 is located south-southwest of the 200 West Area on the Central Plateati. a broad, flat area
that conslitutes a local topographic high arotind the 200 Areas. I he plateau is one of lthe flood bars

(i.e. (old ( reek Bar) formed during the calaclysmic flooding events of tie Missoula floods that occurred
ox er i 3,000 ears ago. The northern bouindar\ of the flood bar is defined by an erosional channel, and
present da\ topographic low . that runs north est-so utheast near Gable Butte just north of the 200 West
AreLi houndars ( Willi ams et a]. 2002). Most of the 200 \N est Area, including the S-1 0. is situa ted on the

flood bar (I ignre 3.1).

Tie u-eology of the Central Plateaui, and particularly the Pasco Basin, has been studied in ireat detail.
I ie tocus of this section is on the sediment above the basalt bedrock, or the suprabasalt sediment.
coil tained wx ith in the I Ianford formation, Cold Creek unit (formerdy Plio-Pleistocene unit), and kingold
Formaion, because these strata comprise the uppermost aquifer sx stein and vadose zone in the area.
DeIaiiled descriptions of these geologic units are available inl Bjorustad (1984. 1985). Tallman ( 1979).
Mx ers and Price (1981). Grahaml et al. (1981). and Lindsex (1995). and more recently by D)E (2002).
1 he most detadIed description of the stratigraphy beneath the S-10 could be found in Airhart et aL ( 1990).

Will;ains el al. (2002) provides an updated re-interpretation of the hydrogeology in the 200 West
Area and vicinity that includes characterization of the entire suiprabasalt aquifer system. T lie most recent
descripion o lthe groundwater contamination in the region of lthe I anford Site surrounding the S-1 0 is
presented in I lartman et al. (2006).

3.1 Stratigraphy

I Haniord Site stratigraphic classifications account for lithologic and ly d rogeologic tllits. The hydro-

Lcologic classification is more applicable to groundwater iov en t in tile stuprabasalt sediment. I his

hyd rogeoIg ic nomenclature and its lithostratigraphic relationship are illustrated in Figure 3.2. T he
uppermost suprabasalt aquifer system is contained in the Ringold Formation. and the lanford formation
and Cold (-'reek unit comprise the vadose zone. The Ringold Loweor Mud U.1nit (hydrogco logic iUnit 8)
sepa rae the stiPra basalt aqui fer system into a confmied aind unconfined aquiter (Williais el al. 2002).
The p prm1n ost sUrface of the Elephant Mon ii tainl member basalt is considered the base of the sup rabasalt
aquiiCr systein (bedrock) because of its dense. IoN permneabilit interior, relatixe to the ox erl yini

sediments I his surface is considered to be a croundwater no-flow houndarx The basalt s urfice beneath
tile S- 10 dips south-soutiest form ing the sonuther limb of the (Gable Mountain-Gable Butte anticilie



and the northeast flank of the Cold Creek syncline (after Fecht et al. 1987). Figures 3.3 (south-north) and
Figure 3.4 (east-west). illustrate the stratigraphic position and relationship of these hydrogeologic units as
they exist beneath the southern 200 West Area and the S-10. Figure 3.5 provides a more detailed
hydrogeologic profile bencath the S-10.

-_ _ 6.tn,.' os aaO s lt A

Figure3.1. Topographic illustration of Pleistocene Flood Channels and the Present-Day Columbia River
Channel Pathways, with Outlines of the 200 West and East Areas, Hanford Site. Washington
(after Williams et al. 2002)

The S-10 lies at an elevation of about 200 m (-650 ft) above mean sea level. The three major, supra-
basalt stratigraphic units beneath the S-1 0 are (from oldest to youngest) the Ringold Formation, the Cold
Creek Unit, and the Hanford formation.

Geology beneath the S-10 is described in detail in the following paragraphs.

3.1.1 Ringold Formation (Units 4 through 9)

Units 4 through 9 correspond to the Ringold Formation (see Figure 3.2) and consist of continental
fluvial and lacustrine sediments deposited on the Elephant Mountain member basalt by ancestral
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Figure 3.3. Hydrogeologic South-North Cross Section in the 200 West Area and Near S-10
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Figure 3.4. Hydrogeo logic East-West Cross Section in the 2-00 West Area and Near S-10

Ringold Units 4 thrOLugh 9 Consist Of intercalated layers of indUrated to semii-indUrated and/or

pedogenically altered sediment including clay, silt, fine-to-coarse grained sand, and granule-to-cobble
gravel. Within the area of the S-10, this sequence consists of only three distinct stratigraphic intervals
designated Units 5, 8, and 9. Units 5, 8, and 9 correspond generally to Lindsey's Ringold Formation
fluvial gravel Unit E, lower mud unit and fluvial gravel Unit A, respectively (see Figure 3.2).

Unit 9. The Ringold Unit 9 gravel is located between 140 to 149.5 m (460 to 490 fn) beneath the S-10
and ranges tip to 30.5 in (100 ft) thick. This unit dips to the south-southwest and lies uncomfortably on
top of the Columbia River Basalt. Unit 9 is composed primarily of semi-consolidated and cemented silty
sandy gravel with secondary lenses and interbeds that can consist of gravel, gravely sand, sand, muddy
sand, and/or silt/clay.
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Unit 8 (Lower Mud Unit). Unit 8 is composed of a thick sequence of fliuvial overbank, paleosol, and
lacustrine silts and clay with minor sand and gravel. Unit 8 forms the most significant and extensive
confining unit within the suprabasalt aquifer system at the Hanford Site (Williams et al. 2000). More
detailed descriptions of Unit 8 (the lower mud unit) can be found in Lindsey (1995). This unit is between
12 to 21 in (40 to 70 ft) thick and located approximately 129 in (423 ft) beneath the S-10.

Unit 5. The Ringold Unit 5 gravel is a relatively thick unit, ranging tip to 76 im (250 ft) thick, com-
posed primarily of indurated fluvial gravel to silty sandy gravel and sand that grades upward into Unit 4
(interbedded fluvial sand and silt). Unit 5 has not been subdivided further due to the lack of distinctive
and correlatable stratigraphy or lithologic units. The saturated portion of Unit 5 comprises the uppermost
unconfined aquifer and is over 58 m (190 ft) thick beneath the S-10. Unit 5 overlies the Unit 8 (Ringold
lower mud unit).

Unit 4. The Ringold Unit 4 is only locally present in the 200 West Area, and consists of fluvial sand
and silt that overlies the Ringold Unit 5 gravel. This unit is not present in the wells surrounding the S-1 0.
More information on the areal extent and details of this unit can be found in Lindsey (1995).

3.1.2 Cold Creek Unit (Units 2 and 3)

Units 2 and 3 represent relatively thin but significant depositional units that are post-Ringold and pre-
Hanford sedimentation. Unit 3 is a calcic paleosol horizon that has developed on the eroded Ringold
Formation (either Unit 4 or 5). Unit 3 is commonly referred to as the calcic sequence (or "caliche" zone)
and is also referred to as the lower Cold Creek unit (CCJC). Unit 2 is described as an overlying fine-
grained overbank-eolian sequence considered to belong to the upper portion of the Cold Creek unit
(CCU02 ). It is equivalent to what has been called the early "Palouse" soil (Connelly et al. 1992) in
previous reports. Unit 3 is easily differentiated from the underlying (Unit 5) and overlying overbank-
eolian sequence (Unit 2) because it is highly weathered, heavily cemented with calcium carbonate, poorly
sorted, and shows a distinct decrease in natural gamma activity compared to the upper Unit 2. which is
very fine grained, un-cemented, consisting of alternating thin lenses (typically less than 15.2 cim [6 in.]) of
very line sand to silt and clay, and has a relatively high natural gamma activity. The stratigraphic contact
between the Unit 3 and the Ringold Unit 5 is fairly distinct and sharp, whereas the contact between the
Unit 2 and the overlying Hanford Unit I is gradational, dependent on grain size. In most cases, geophys-
ical gamma logs greatly improve the accuracy of these correlations. Figure 3.5 illustrates these contacts
near the southern end of the facility.

At the S-10, Unit 3 is less than 1 i (3.3 fit) thick. Unit 2 ranges from 10 to 15 m (33 to 50 ft) thick.
Unit 2 is located from approximately 33 to 43 n (110 to 140 ft) in depth below the surface.

3.1.3 Hanford Formation (Unit 1)

The Hanford formation is the informal name given to Pleistocene-age cataclysmic flood deposits in the
Pasco Basin (Lindsey et al. 1994). It consists predominantly of unconsolidated sediments, which cover a
wide range in grain size from pebble- to boulder-gravel. Fine- to coarse-grained pebbly sand to sand, silty
sand, and silt. Gravel clasts are composed of mostly subangular to subrouinded basalt. Beneath the S-10,
the Unit I consists ofessentially three facies, the lower facies (Hanford H2 unit) is composed of fine-
grained sand to sandy silt that ranges from 12 to 18 m (40 to 60 ft) in thickness. This fine-grained facies
is overlain with a fine to coarse sand to sandy gravel sequence that ranges from I to 3 n (3 to 10 ft) in
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Iiucknes- I hk coarse grained interval is designated the Hanford I I ni it and is similar to the same /one

described at Johnson and Chou (1999, Figure 1.8). The uppermost fine grained sequence is designated

the I Hanford II unit.

3.2 Groundwater Hydrology

informaion onl the vadose zone and the suprabasalt aquiler system at the S-I 0 is obtained from xwell-
lo2 data tor cills and boreholes stIrrounding the facility and fromn published reports. In the 200 West
Area and \ icinity of S-I 0, Williams et al. (2002) use data from boreholes and g1roundwater monitoring to
ubdi ide theuprabasalt sediments Into two aquifers. an upper Unconfined (Haiford/Ringold) aquifelr

and a lovcr confined (Ringold confitied aq uifer). The hl drogeology beneath the S-i 0 is adequately
explained by this interpretation.

The uppermost aquifer beneath the S-i 0 is unconfined: the aqUifer comprises the saturated portion of
the Rincold (ii 5 and is approximately 57 iml 187 fi) thick (2005 measurement). Groundx ater flow
direction is approximatek east to southeast in the icinity of S-1 0. and is calculated based on xxater-leel
measLirCIlCIets taken In inetwork and surrounding wells (c.g. Figure 2.8-2 in 1 lartman et al. 2006).

Site-spccific hydraulic conductivity values. derived from constant discharge test data at two wells
near the I-I 0, range from 10 to 150 1 (33 to 492 ft) per day < Williams and Barneit 1993. Kipp and \1udd
19173 ). Based on these xalues. a larch 2005 li draulic gradient of 0.00!15. an effectixe porosit of0. I to
0.2. the groundxater flow rate (Darcy xelocity ranges from 0.075 to 2.25 im (0.25 to 7.4 ft) per da.

Ihroughout the 200 West Area, including the S- 10, the water table is declining rapidly due to site-
xx ide cessation of past liquid C1LIent disposal practices. Hydrographs for monitoring xxwells near the S- 10
are presented in Figure 3.6. hlie falling xxater table is causinic xwells in the s-I0 network and surrounding

monitoring wells to go dry. but the rate of decline appears to be slo-x ing ox er the past -2 years (see
hIgure .6).
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Figure 3.6. I Iydrographs of Wells Monitoring the S-10 through September 2005
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Beneath the S- 10, groundwater in the uppennost unconfined aquifer is assumed to be isolated from

groundwater iil the confined Ringold aquifer by Unit 8 (lower mud unit). Intercommunication between
Units 5 and 9 is assumed to be insignificant because groundwater flow through Unit 8 is extremely low
due to the thickness and relative permeability of the confining unit.

The top of Unit 8 (lower mud unit) comprises the base of the uppermost-unconfined aquifer
(Williams et al. 2002). Beneath the S-I 0. the vertical hydraulic conductivity of Unit 8, as measured from
a split-spoon soil sample collected in well 299-W27-2, is 0.051 in (0.17 ft) per day and falls within the
expected range reported by thorne and Newcomer (1992).

The Unit 8 (lower mud unit) is an aquitard and separates and confines groundwater in the underlying
Ringold Unit 9 gravel (confined Ringold aquifer) from the unconfined aquifer in Unit 5. Groundwater in
the confined Ringold aquifer is interpreted to flow laterally through Unit 9 gravel due to the thickness and
relatively low vertical hydraulic conductivity of the overlying confining Unit 8.

Regionally. groundwater in the confined Ringold aquifer flows from west to east similar to ground-
water in the uppermost unconfined acltifer. In the 200 West Area and around the S-10, it is more difficult
to determine flow direction because there are currently no wells completed within the confined Ringold
aquifer. Limited data are available below the confining Unit 8 (lower mud unit) for the 200 West Area;
however, groundwater heads measured in several deep/shallow well pairs, and deep wells drilled into the
Ringold Unit 9 confined aquifer (e.g., Johnson and Horton 2000) indicate a downward vertical hydraulic
gradient beneath the 200 West Area from the unconfined Unit 5 into the confined Unit 9 (Williams et al.
2002).

The vadose zone beneath the S-10 is up to 72 in (236 ft) thick. The vadose zone includes
hydrogeologic Units I, 2, 3 and the upper, unsaturated portion of Unit 5 (see Figure 3.2). Figure 3.5
provides input to the conceptual model for the area near the S-10 and S-I l ponds and includes depths,
relative thicknesses, and hydraulic relationship of the hydrogeologic units beneath the facility.

Recharge to the unconfined aquifer beneath the S-10 is from artificial and possibly natural sources.
Natural recharge from precipitation is the only source of recharge since discharges ceased in 1991. A
likely range of average recharge for the S-10 is between 5 and 25.4 cm/year. and is probably toward the
higher end of this range because of the surface covering of coarse sand and sparse vegetation at the site
(Rockhold et al 1995).

While the local liquid waste disposal facilities were operating, many localized areas of saturation or
near saturation were created in the soil column. Artificial recharge from years of liquid effluent disposal
accounts for most of the liquid influx to the aquifer and is the main driver and transport medium for
potential contaminants disposed at the facility. Perched water. created due to liquid effluent disposal to
the S-10 ditch, was observed above the Cold Creek unit 3. Well 299-W26-1 1, located near the pipeline
inlet end of the S-10 ditch (north end), monitored this perched water interval until the well went dry after
liquid effluent disposal ceased at the waste site.

The downward flux of moisture in the vadose zone decreased with the cessation of arti ficial recharge
in the S-10 area. Areas with high residual water saturation in the sediment will continue gravity drainage
for an unknown period of time. When stable unsaturated conditions are reached, the moisture flux into
the aquifer becomes less significant.
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4.0 Summary of Groundwater Monitoring Results

Prior to k( RA groundwater monitoring. the (S-10 w as monitored by X arioiUs meians incltidinc effluent

strean sampling, surface radiation sUrx evs. aerial radiation surx yvs. composite w eeklI xaterqualit\
samples roi the ditch. and sediment and x ecetation samples (D ) 1 2000 . Sampling and anaI\ sis of

kroundx amer at the S-10 has been conducted Under RCRA interim status requirements since the third

quarter of 1991 RCRA monitoring at the S-10 has not detected an impact to groundwater based on
pgrad ient-dox ugradient indicator paraieter statistical comparisons. This section summarizes

significani historical results of groundx ater analk ses for the S-10 through December 2005. using all the
RCRA-compliant (N AC I73- 160 as referenced b\ WAC 173-303-645(8)(c ) ground\\ater monitoring

x elk. includ i n those that have gone drx. HaI anhord Site groundvxater background concentrations of
co.nstitunits discussed here are those determined b\ DOE (1997).

\k els 299-W6-7. 299-W26-8. 299-W1 6-9, 299-W26- 10, and 299-W26-1 2 monitored the upper 4.5
to 6 m (: 5 to 20 t) of the uppermost aquifer. Well 299-W26- I I xas completed in a perched "ater zone

abo e the . old Creek unit 2 and 3 to monitor apparent perched efluent recharging to the aquifer. Well
_ 27-2 x as installed in 1992 and mon itors the lowxer 3 im (I0 t) of the uppermost aqtifer, just above
unit 8. Duc to declining water levels, none ol' the original six upper aquifer monitoring wells remains in
ser\ ice toda\ . Not including the perched aqu ier w elI. four xx ells have -one dry. at an averace rate of one

elI per \ ear sarting in early 1998: the last Upgradient wx el1. 199-W26-7. w ent dr\ in 2003. T \xo replace-
mcilm xxels. 299-W26-1 3 and 299-W26-I 4 (completed in 2000 and 2003. respectively). ha\ e been added
to the netwx ork near the S-10. These and the deep well are the only wells remain ing in service at this time.
I liTee to "elIs mon itor the tipper portion of the uppermost aqui fer downgradient of the S-1 0.

4.1 Contamination Indicator Parameters

Required statistical evaluations of the contamination indicator parameters (specific conductance. p H,
total organ ic carbon, and total organic halides) have been conducted since 1992, immediately after
backcrond Values xwere established. Since then. background xalues have been rev ised several times to
reflect the chances in site conditions (e.g.w ells gone dry). Statistical CValnations of indicator parameters
haxe not indicated that the S-10 has affected the groundwater quality in the Uppermost aquifer beneath the
Site.

4.2 Metals

Concecltrations of filtered (dissoxed) metals have been micasured by indtictixvely coupled plasma
(K0P) method. Cadmium, copper. mercury, selenium, and silver are essentially not detected. Detection of
lead in S- 10 welIs is problematic. Several lowx -level (-2 to 8 Lg/L) detections of lead are reported, but
these coincide with duplicate samples that xcre non-detects and are stIspect. Concentrations-versus-time

plots for chromin ium are presented ini Figure 4.1.

Chromium concentrations, especially in \Nell 299-W26-7, increased above the 100-Pzw /L drinking
Nater standard (DWS) (highest value -- 576 pg /i) and then dropped below the DWS between Octobcr
I995 aid Julx 1998. stlggestifngil a transient release event. IIlistorical recordk indicate the release to the

10 ol a high-salt waste (simulated tank w aste I containing hexax alent chroniurn. For example. a
one-time rclease of 4 16.4 I I 10 gal) of s\ uthetic doUble-shell tank waste xwas released to the ditch and
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pond system in September 1983 (see Section 2.2). Assuming a transport time of several years through the
vadose zone to groundwater. and considering the volume of water and mass of chroniUim (-3,000 g as
chromium), the observed transient and approximate chromium concentrations are consistent with the
416.4-L (110-gal) release event. Although well 299-W26-7 is al upgradient well, it is located very close
to one lobe of the pond system. Wastewater from the S-10 may have reached this well by spreading
laterally in the subsurface.
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Figure 4.1. Chromium Concentrations in S-10 Wells (filtered: Note: Different scale for well 299-W26-7.)

4.3 Anions

Anions are analyzed by the ion chromatography method. Nitrate concentrations (Figure 4.2) have
been historically covariate with chromium concentrations in downgradient wells 299-W26-9,
299-W26-l 0. and 299-W26-12 and also in the upgradient well 299-W26-7 that is located adjacent to,
and upgradient of the S-10 pond (Figures 4.3 through 4.6). The peak concentration was observed in
December 1997 in wells 299-W26-7, 299-W26-10, and 299-W26-12, but peak concentrations of
chromium and nitrate in well 299-W26-9 were observed in January 1999. Nitrate in wells 299-W26-7
(now dry) and 299-W26-14 has shown recent upward trends, but the actual concentrations of nitrate in
these wells are far below Hanford Site background (26,871 pg/L). Hence, it is possible that these trends

reflect a recovery of groundwater to natural levels of nitrate after being diluted by relatively clean effluent

for several years.
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Fiure 4.3. ChromiumI (filtered) and Nitrate Concenirations in Well 299-W26-7

(hl Iride, fluoride, and nitrite are ilso listed in the Part A Permit Application. Trends l-or chloride and
tiu0r idk c:0 ,hoxWMn in Figures 4.7 and 4.8. Nitrite, a possible source ofl nitrate by decomposition, has been
detectcd onl\ once ( 174 ptg/L in 2004 in w ell 299-W26-1 4) in the Is-10 netxwtork out of 108 anal ses since
RCR A monitoiring began in 1991. This result is suspect because oh laboratory spike samples that wcrc
out M1 the acceptable range.
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Figure 4.8. Fluoride Concentrations in S-10 Wells (The site-wide background per DOE 1997 is
1,047 l/L at the 9 0"' percentile.)

4.4 Constituents Exceeding Drinking Water Standards

I he only constituents exCeedin2 DWS occurred in the shallow upgradient well 299-W26-7 for
hexavalent chromium (maxImum 576 pg/L in 1997) and in wells 299-W27-2 and 299-26-12 for carbon
tetrachloride. Well 299-W27-2 has had results for carbon tetrachloride slightly above the 5-pg/L DWS.
the highest of which was 6.4 pg/L, in 2001. The only other result above DWS occurred in well
299-W26-1 2 in 1999 (6.0 pg/L) before the well went dry. All other wells in the network have produced
at least one detectable result of carbon tetrachloride. This compound is believed to have originated from a
source upgradient of the S- 10. Carbon tetrachloride is not a constituent related to ITSD unit activities and
will be addressed bN actions attending the 200-UP-1 Operable Unit RI/FS. Section 4.2 discusses the
elevated hexavalent chrom i urn that exceeded primary DWS.
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5.0 Conceptual Model

A conceptual model of contaminant transport through the vadose zone to groundwater beneath the
216-S-10 ditch and pond system is used to develop an appropriate and cost-effective monitoring plan.
The conceptualization begins with a summary of physical and chemical conditions at the disposal site and
related assumptions. The most important of these are:

" The large volume of water (6.6 x 109 L [1.7 x 109 gal]) discharged to the S-10 was sufficient to wet
the soil column down to groundwater beneath both the unlined ditch and the pond.

e Waste streams discharged to this waste site were classified as neutral to basic, low ionic strength,
and low organic content (WHC 1990, Appendix C). These effluent chemical characteristics are
favorable for sorption of certain heavy metals (see bullets below) by vadose zone sediment.

" Fine-grained and/or low permeability sedimentary layers in the vadose zone (i.e., the Cold Creek
unit) created perched water conditions and allowed subsurface, lateral spreading, possibly beyond
the boundary of the ditch and pond system. As a result, wastewater may have reached upgradient
monitoring wells.

o Mobile contaminants associated with residual wastewater pore fluid are distributed over the entire
soil column beneath the ditch and pond. Based on a two-layer model, wastewater transport time
through the vadose zone to groundwater by a conservative species (e.g., a metal with retardation
factor of 10, or distribution coefficient of-4.0) during the active discharge period was previously
estimated to be 2.7 years at this facility during operation. Movement of water to groundwater from
operation was estimated to take approximately 0.27 years (99 days) using the same model (WHC
1990, Appendix B; Cantrell et al. 2003). Thus, mobile contaminants released during the operating
period had adequate time to break through to groundwater during the operational period.

" There is no surface barrier to natural infiltration. A likely range of average recharge for the S-10 is
between 5 to 25.4 cm/year, and is probably toward the higher end of this range because of the
surface covering of coarse sand and sparse vegetation at the site (Rockhold et al. 1995; Vermeul
et al. 2001).

" The contaminants of concern, chloride, fluoride, nitrate, and nitrite, are assumed to be mobile
(relatively non-sorbing) because they are anions (including the oxymetal anion, chromate).

" Adjacent disposal waste sites (see Figure 2.1) are subject to similar hydrogeologic controls and
received similar waste streams during operational life. Hence, distinguishing between contamination
contributions from these waste sites and the S-10 may be difficult, particularly without extensive
well coverage.

o Groundwater flow direction beneath S-10 is to the east-southeast, and will retain that general
direction (east-northeast) even after water levels have fallen to pre-Hanford levels.
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Based on the hydrogeology of the site, operational history, and the assumptions and conditions as
noted above, a schematic representation of contaminant transport through the vadose zone to groundwater
was constructed as illustrated in Figure 5.1.

During operation, the conceptual model shows that saturated or semi-saturated flow conditions
prevailed beneath the ditch and pond system. Contaminants from periodic releases migrated through the
soil column to groundwater. Lateral spreading may have brought waste constituents to the upgradient
well (299-W26-7). This could account for the occurrence of chromium in this well, but does not
eliminate upgradient waste sites as possible sources.

The coincidence of peak concentrations of chromium and nitrate in groundwater at this facility may
reflect the release of potassium dichromate (hexavalent chromium) in chemical waste discharged to the
ditch in September 1983 from a simulated double-shell tank waste associated with the Chemical
Engineering Laboratory. Hexavalent chromium (filtered samples) in both upgradient and downgradient
monitoring wells at the S-10 demonstrates that this constituent reached groundwater from the S-10 or an
upgradient source. Chromium is assumed to be present as a highly mobile oxymetal anion. The presence
of chromium in these wells is consistent with this expectation.
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6.0 Groundwater Monitoring Program

This section describes a post-closure groundwater monitoring program for the S-10 consisting of
monitoring well network, target constituents, sampling and analysis protocol, and quality assurance (QA)
and quality control (QC). This plan will replace the existing RCRA interim status groundwater moni-

toring plan following approval by Ecology and implementation of the closure plan. This new plan is

expected to be effective until the post-closure care period has expired or other agreement is reached

between DOE and Ecology on groundwater monitoring for this TSD unit. Relevant sections of this plan

(i.e., 6.3 and 7.0) are expected to be incorporated into the post closure monitoring plan in the Hanford

Facility RCRA Permit (Ecology 1994) for post closure of S-10. All applicable aspects of the plan are

adherent to provisions of the Detection Monitoring Program (D-1Oe) in the Hanford Facility RCRA

Permit General Information Portion, Attachment 33 (DOE 2003). Specific procedures are described in

more detail in the following paragraphs.

6.1 Objectives of RCRA Monitoring

The objectives of RCRA groundwater monitoring at the S-10 are:

" To detect and assess sources of groundwater contamination relating to S-1 0 TSD unit constituents.

" To improve upon the ability to demonstrate whether the source(s) of elevated chromium concen-

trations at upgradient and downgradient wells originate from the S-10 or an upgradient source.

" To fulfill post-closure care requirements for S-10 TSD unit groundwater monitoring.

The ultimate goal is to design a technically sound and cost-effective monitoring program that is
capable of protecting human health and the environment.

6.2 Special Conditions at the 216-S-10 Pond and Ditch

The S-10 is closely situated among other disposal waste sites of very similar operational histories.
The proximity of the S-10 to the other waste sites (216-S-17 pond, 216-S-11 pond, 216-S-5,6 cribs,
216-S-16 ditch and pond, and 216-U-9 ditch) indicate that at least some observed groundwater contami-
nation beneath and downgradient of S-10 could have originated from waste sites other than S-10. Hence,
it may be infeasible to strictly discriminate between the contributions of each waste site to groundwater
contairnuation beneath the S-10, despite the installation of new groundwater monitoring wells. In addi-
tion, the declining water table in the 200 West Area, especially in the vicinity of the S-10, caused many
RCRA-compliant wells to go dry in a short period, including the only upgradient well, 299-W26-7. The
foreshortened life of these wells greatly restricted their usefulness for interpretation purposes. Further-
more, the upgradient well was emplaced so close to the 216-S-10 pond as to draw into question whether
the observed groundwater quality was affected by the pond itself or an upgradient source (e.g., the
216-S-17 pond). These circumstances add to the difficulty in determining if a contaminant originates
from the S-10 waste site or other site.
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6.3 Sampling and Analysis Plan

A post-closure groundwater monitoring network is proposed that will include the drilling of three
new wells to replace wells that have gone dry. When completed, the revised network will meet the intent
of RCRA network requirements for a post-closure detection groundwater monitoring according to
WAC 173-303-645(9) and may help to shed light on the origin(s) of certain contaminants at the S-10.

6.3.1 Monitoring Well Network

The declining water table in the 200 West Area, especially in the vicinity of the S-10, caused many
wells to go dry. None of the original upper aquifer monitoring wells remains in service due to declining
water levels (see Figure 3.6). Well 299-W27-2 was installed in 1992 and monitors the lower 3 m (10 ft)
of the uppermost aquifer, just above Unit 8. Two replacement wells, 299-W26-13 and 299-W26-14 were
added to the network (completed in January 2000 and 2003, respectively) near the S-10 Pond. Both of
these wells were constructed with a 11-rn (3 5-ft) well screen. The locations of existing and proposed
wells are shown in Figure 6.1.

The well network (Table 6.1; Figure 6.1) is designed to:

* Represent the background quality groundwater at S-10 [WAC 173-303-645(8)(a)(i)]

* Determine the quality of groundwater passing the point of compliance[WAC 173-303-
645(8)(a)(ii)]

* Allow for the detection of contamination if dangerous waste or dangerous constituents have
migrated from the S-10 to the uppermost aquifer [WAC 173-303-645(8)(a)(iii)].

Currently, only two downgradient wells, 299-W26-13 and 299-W26-14, monitor the S-10. One deep
RCRA well, 299-W27-2, which monitors groundwater conditions at the base of the uppermost unconfined
aquifer, is sampled for auxiliary information.

Three additional wells (one upgradient, two downgradient) are currently planned. The proposed
network for groundwater monitoring will be evaluated annually to determine if it is adequate to provide
groundwater monitoring through the post-closure period. These wells are prioritized under the Tri-Party
Agreement milestone M-24-57 well drilling activities.

6.3.2 Constituent List and Sample Frequency

Site-specific constituents of concern are selected based on these criteria:

" Constituent is a dangerous waste constituent identified in the Part A Permit Application, or

" Constituent is a mobile decomposition product (e.g., nitrate from nitrite) of a Part A constituent, or

" Constituent is a reliable indicator of the site-specific contaminants (e.g., specific conductance).
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Figure 6.1. Well Location Map at the 216-S-10 Pond and Ditch

Based on these criteria, the constituent list of Table 6.2 is derived for the S-10. Major dissolved ions,

alkalinity, turbidity. and temperature are included as indicators of sample and analytical quality, and

general aquifer/well background conditions. Groundwater samples from the newly installed upgradient

wells will be sampled at least quarterly for one year to obtain the minimum number of samples needed to

establish background. Groundwater will be sampled at the downgradient wells for all constituents on a

semiannual basis except the groundwater quality parameters, which will be sampled annually.
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Table 6.1. Revised Monitoring Well Network for the 216-S-10 Pond and Ditch

Constituents of Interest Supporting Constituents

E

B8817 299-W26-13 Downgradient C S S S S S S A A A S S S S
138828 299-W26-14 Downgradient C S S S S S S A A A S S S S
N/A 3 new wells"' Iupgradienit, C S 5S s S S A A A S s S

2 downgradien

A5410 299W27-2 Baseofuncon- C S S s s s S A A A S s S S
fined aquifer;
information only

(a) Field measurement.
(b) Anions - Analytes include but not limited to chloride, Fluoride, nitrate, and nitrite.
(c ) Metals - Analvies include but not limited it) calcium, potassium, magnesium. and sodium.
(id At least quarterly for mne year to establish background.
A = To be sampled annualy
C =Well is constcted as a WAC 173-160 resource protection "ell.
S To be sampled semannualy.

6.3.3 Sampling and Analysis Protocol

Monitoring of the S- 10 is part of the Hanford Groundwater Performance Assessment Project (ground-

water project). Procedures for groundwater sampling, documentation, sample preservation, shipment, and

chain-of-custody requirements are described in DOE (2003). Samples generally are collected after three

casing volumes of water have been purged from the well or after field parameters (pH. temperature,

specific conductance, and turbidity) have stabilized. For routine groundwater samples, preservatives are

added to the collection bottles before their use in the field. Samples to be analyzed for metals are filtered

in the field so that results represent dissolved metals.

Procedures for field measurements are also specified in DOE (2003) and the subcontractor's or

manufacturer's manuals. Analytical methods are specified in contracts with laboratories, and most are

standard methods from Test Mehodsbr Evaluating Solid Wastes, Phsica/Chemtical Methods (pEuPA

1986a, as amended).

6.3.4 Quality Assurance and Quality Control

The groundwater monitoring project's QA/QC program is directed by the DOE contractor's Quality
Assurance Plan and is designed to assess and enhance the reliability and validity of groundwater data.

Groundwater sampling and analysis activities for DOE also adhere to EPA Requireentstor Qualit
Assurance Proje t Plans QA/R-5 (EPA 2001 ). The primary quantitative measures or parameters used to

assess data quality are accuracy. precision completeness, and the method detection limit. Qualitative
measures include representativeness and comparability. Goals for data representativeness for

groundwater monitoring are addressed by the specification of well locations, well construction, sampling
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intervals, and sampling and analysis techniques in the groundwater monitoring plan for each TSD unit.

Comparability is the confidence with which one data set can be compared to another. The QC parameters

are evaluated through laboratory checks (e.g.. matrix spikes. laboratory blanks), replicate sampling and

analysis. analysis of blind standards and blanks, and inter-laboratory comparisons. Acceptance criteria

have been established for each of these parameters in the project QA plan based on guidance from the

U.S. Environmental Protection Agency (EPA 1986a). When a parameter is outside the criteria, corrective

actions are taken to prevent a future occurrence and affected data are flagged in the database.

Table 6.2. Constituent List, Schedule, and Evaluations for the 216-S-10 Pond and Ditch

Constituent
(DWS or SDWS in g/L unless Sampling Action if Result Exceeds

noted) Frequency Type of Comparison (Value) Comparison Value

Site-Specific Parameters

Ilexavaient chromiumn (100 for Semiannual Trending and comparison to DWSa) Verification/Notification
total Cr)"'

Chloride (250.000) Semiannual Trending and comparison to SDWS Notification

Fluoride (2,000) Semianual Trending and comparison to SDWS Notification

Nitrate as NO; (45,000) Semiannual Trending and comparison to DWS Notification

Nitrite as nitrogen (1,000) Semiannual Trending and comparison to DWS Notification

Specific conductance (field)" Semiannual Trending and comparison to site- Verification/Notification
wide background""h

Additional Parameters E M M M
Alkalitity Annual Used for calculation of charge NA

balance

Metals. in addition to chromium Annual Trending and comparison to DWS Notification only if a metal
and/or background"' exceeds a primary DWS

p H (held) (6.5 to 8.5) Semiannual Trending and comparison to DWS Notification only if a value
falls outside DWS range for
two consecutive sampling
events

Temperature (field) Semiannual Intormation and sample quality NA
screening

turbiditx (hield) Semiannual Information and sample quality Project Scientist notified if
screening turbidity exceeds 5.0 NTU

(a) These constituents will be subject to statistical tests after background is established.
(b) Background is defined as unfiltered results in the 9 0"h percentile confidence level in DOE (1997). "New site-wide'

values are used where available. Otherwise. historical background is used.
DWS = Primary Drinking Water Standard (U.S. Environmental Protection Agency).
SI)WS = Secondary Drinking Water Standard (U.S. Environmental Protection Agency).

QC data are evaluated based on established acceptance criteria for each QC sample type. For field
and method blanks, the acceptance limit is generally two times the method detection limit. Groundwater
samples that are associated (i.e.. collected on the same date and analyzed by the same method) with out-
of-limit field blanks are flagged with a -Q- in the database to indicate a potential contamination problem.

Field duplicates must agree within 20%. as measured by the relative percent difference (RPD). to be
acceptable. Only those field duplicates with at least one result greater than five times the appropriate
detection limit are evaluated. Unacceptable field duplicate results are also flagged with a -Q" in the
database.
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The acceptance criteria for laboratory duplicates, matrix spikes, matrix spike duplicates, surrogates,
and laboratory control samples are generally derived from historical data at the laboratories in accordance
with EPA (I 986a, as amended). Typical acceptance limits are within 25% of the expected values,
although the limits may vary considerably with the method and analyte. These values are subject to
change if the contract is modified or replaced.

Holding time is the elapsed time period between sample collection and analysis. Exceeding recom-
mended holding times could result in changes in constituent concentrations due to volatilization, decom-
position, or other chemical alterations. Recommended holding times depend on the analytical method, as
specified in EPA (1 986a, as amended) or Methods for Chemical Analysis of Water and Wastes (EPA
1983). Data associated with exceeded holding times are flagged with an "H" in the Hanford
Environmental Information System (HEIS) database. Flagged data generally are suitable for use in plume
maps and trend plots, but may not be suitable for decision-making.

Additional QC measures include laboratory audits and participation in nationally based performance
evaluation studies. The contract laboratories participate in national studies such as the EPA-sanctioned
Water Pollution and Water Supply Performance Evaluation studies. The groundwater project periodically
audits the analytical laboratories to identify and solve quality problems, or to prevent such problems.
Audit results are used to improve performance. Summaries of audit results and performance evaluation
studies are presented in the annual groundwater monitoring report (e.g., Hartman et al. 2006).

Following the initial quarterly sampling in the new upgradient and downgradient wells to establish
background, groundwater data on each constituent of interest (Table 6.2) will be collected from the
background well and downgradient wells. The number and kinds of samples collected to establish
background must be appropriate for the form of statistical test employed (e.g.. four to eight samples to
establish background). Sampling procedure will be appropriate for the test selected after establisluent of
background. An alternative sampling procedure may also be proposed in accordance with
WAC 173-303-645 (8)(g)(ii).
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7.0 Data Management, Evaluation, and Reporting

This chapter summarizes how groundwater data are stored, retrieved, evaluated, and interpreted.
Evaluation methods and reporting requirements also are described.

7.1 Data Management

The contract laboratories report analytical results electronically. The results are loaded into the HEIS
database. Field-measured parameters are entered manually or through electronic transfer. Paper data
reports and field records are considered to be the record copies and are stored at the DOE contractor's
place of business.

The data undergo a validation/verification process according to a documented procedure as described
in the project QA plan. QC data are evaluated against the criteria listed in the project QA plan and data
flags are assigned when appropriate. In addition, data are screened by scientists familiar with the hydro-
geology of the unit, compared to historical trends or spatial patterns, and flagged if they are not represen-
tative. Other checks on data may include comparison of general parameters to their specific counterparts
(e.g., conductivity to ions), calculation of charge balances, and comparison of calculated versus measured
conductivity. If necessary, the laboratory may be asked to check calculations or re-analyze the sample, or
the well may be re-sampled.

7.2 Data Evaluation and Interpretation

The goal of RCRA detection monitoring is to determine if the S-10 pond and ditch has adversely
impacted groundwater quality in the uppermost aquifer beneath the site. This may be determined after
data are validated and verified, based on the results of a statistical test or other methods as allowed by
WAC 173-303-645(8)(h). Because there is currently no upgradient well for S-10, the calculation of
appropriate background or baseline values is deferred until a new upgradient well is drilled and a
sufficient body of groundwater data become available for the evaluation of the parameters described
below.

When the new upgradient well data set is complete, background or baseline values will be used to
determine whether the S-10 has adversely affected the groundwater quality in the uppermost aquifer
beneath the site. This is accomplished by testing for statistically significant changes in concentrations of
constituents of interest in a downgradient monitoring well relative to baseline levels. These baseline
levels could be obtained from upgradient (or background) wells and are referred to as inter-well (or
between-well) comparisons. Alternatively, if baseline values are obtained from historical measurements
from that same well, the comparisons are referred to as intra-well (or within-well) comparisons. The
number and kinds of samples collected to establish background (or baseline values) will be appropriate
for the form of statistical test employed (WAC 173-303-645 8(g)). Data transformations, if any, will be
identified; generally accepted statistical procedures for screening outliers and/or accounting for non-
detects will be followed (ASTM 1998; EPA 1989, 1992).

Statistical methods appropriate for a final status detection monitoring program include parametric or
non-parametric analysis of variance, tolerance intervals, predication intervals, control charts, or other
statistical methods approved by Ecology [WAC 173-303-645(8)(h)]. The type of monitoring, the nature
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of the data, the proportions of non-detects, site hydrogeological condition, and temporal/spatial variation
are some of the important factors to be considered for the selection of appropriate statistical methods.
The statistical evaluation procedures chosen will be based on the EPA guidance documents and Standard
Guide for Developing Appropriate Statistical Approaches for Ground- Water Detection Monitoring
Programs developed by American Society for Testing and Materials (ASTM 1998).

Statistical assumptions (e.g., normally distributed data, homogeneity of variance, temporal/spatial
variations) will be assessed prior to performing the statistical test. The background (or baseline values)
and the statistical approach will be evaluated and updated periodically. If changes in groundwater flow
directions result in changes in definition of upgradient well(s) or changes in site conditions, background
(or baseline) values will be re-established. If statistical evaluation methods are no longer effective to
achieve the objective because of changing site conditions, a new statistical approach will be proposed in
the unit-specific groundwater monitoring plan.

In addition to statistical testing procedures, verification sampling and geochemical and hydrological
considerations are integral parts of the decision-making process. It is of critical importance to realize that
on the basis of a statistical analysis alone, it can never be concluded that a waste site has impacted
groundwater (ASTM 1998, Section 1.6). A statistically significant exceedance over background (or
baseline) levels indicates that the new measurement in a particular monitoring well for a particular
constituent is inconsistent with chance expectations based on the available sample of background
measurements. Hence, in the event of a statistical exceedance (confirmed by verification sampling), non-
statistical evaluations should be conducted to determine if the exceedance is due to an impact from
upgradient sources or from the waste site in question.

Because of the current inadequacies in the well network, it will be necessary to install new monitoring
wells and accumulate background data on the groundwater from those wells. Assessment of temporal and
spatial variation, as well as the percentages of non-detects before statistical comparisons to local back-
ground conditions can then be made. In the interim, the constituents in Table 6.2 will be evaluated by
tracking and trending concentrations in all S-10 wells and comparing these results with the corresponding
primary or secondary DWS or Hanford Site background concentration for each constituent. If a
comparison value for a constituent (Hanford site-wide background or DWS) is exceeded as shown in
Table 6.2, Ecology will be notified as described in Section 7.3. In the case of chromium and specific
conductance, verification sampling may be employed to confirm initial results.

In addition to the comparisons, a more rigorous evaluation is conducted to interpret groundwater
conditions at the site. Interpretive techniques may include:

" Hydrographs - plot water levels versus time to determine decreases, increases, seasonal, or man-
made fluctuations in groundwater levels.

" Water-table maps - use water-table elevations from multiple wells to construct contour maps to
estimate flow directions. Groundwater flow is assumed to be perpendicular to equipotentials.

* Trend plots - graph concentrations of constituents versus time to determine increases, decreases, and
fluctuations. These may be used in tandem with hydrographs and/or water-table maps to determine
if concentrations relate to changes in water level or in groundwater flow directions.
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" Plume maps - areal distributions of chemical or radiological constituents in the aquifer to detennine
extent of contamination. Changes in plume configuration over time aid in determining movement of
plumes and direction of flow.

" Contaminant ratios - can sometimes be used to distinguish between different sources of
contamination. Trends for two or more constituents are plotted to check for co-varying behavior.

7.3 Reporting

Reporting requirements of DOE (2003, Section 5.5.4.8) will be followed for groundwater monitoring
at the S-10. Specific types of reporting and actions are described below. Groundwater chemistry and
water-level data will be reviewed at least semiannually and made available in HEIS. The results of the
statistical evaluation will be submitted to Ecology in RCRA quarterly reports and in the annual Hanford
Site Groundwater Monitoring report (e.g., Hartman et al. 2006). In addition, groundwater analytical and
hydrologic data from nearby facilities such as the single-shell tank farm S-SX Waste Management Area
will be examined for results that may lend understanding to the hydrogeologic system and will be
discussed in the Hanford Site annual groundwater report, as appropriate. This discussion will be accom-
panied by recommendations for modifications of the well network and/or constituent list, as necessary.

If groundwater analytical data indicate evidence of contamination by applying the criteria described
in Section 7.2 and in Table 6.2, Ecology will be notified of the finding as per DOE (2003), specifying
which parameter(s) have exceeded DWS or Hanford Site groundwater background concentrations. These
criteria will be applied until background groundwater quality is established in a new upgradient well.

Requirements per WAC 173-303-645(9) will be implemented after appropriate background values for
chromium and specific conductance are established. Subsequent to establishing background, reporting
will occur according to WAC 173-303-645(9)(g) if groundwater data show there is statistically significant
evidence of contamination by chemical parameters (e.g., specific conductance) or dangerous constituents
specified in the permit at any downgradient monitoring well.

The exception to the adherence to the WAC, is that 40 CFR Part 264, Appendix IX parameters will
not be analyzed. Instead, the selection of any additional constituents to be analyzed will be based on
potential contaminants agreed to between Ecology and DOE. Notification, as indicated in Table 6.2, will
occur according to regulatory requirements of DOE (2003) and WAC 173-303-645 by reference, or as
otherwise agreed to between DOE and Ecology.
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Appendix A

Post-Closure Groundwater Monitoring Plan for the
216-S-10 Pond and Ditch Data-Quality Objectives

A. Introduction

This document addresses the planning of data collection and developing appropriate data collection
design to support decision making for post-closure groundwater monitoring for the Resource
Conservation and Recovery Act (RCRA) treatment, storage, and/or disposal (TSD) unit designated the
216-S-10 pond and ditch (S-10) following U.S. Environmental Protection Agency (EPA) guidance for
conducting the data quality objectives (DQO) process (EPA 2000 as amended). Each step draws upon
current knowledge of the TSD unit and the closure process at the Hanford Site, existing DQO examples
(e.g., Sweeney and Chou 2003), and adheres to the applicable requirements of state and federal regulation
(Washington Administrative Code [WAC] 173-303). Elements of each DQO step that apply to a
groundwater monitoring plan, prepared to WAC 173-303-645 standards at this TSD unit, are discussed
here.

A.1.1 Step 1: Problem Statement

To formulate the problem statement, it is necessary to examine the study objective from a regulatory
standpoint. The Hanford Federal Facility Agreement and Consent Order (Tri-Party Agreement; Ecology
et al. 1989) Milestone M-20-39 requires submittal of the 216-S-10 pond and ditch closure plan. The draft
closure plan concludes that the TSD unit cannot achieve clean closure for groundwater based on review of
groundwater data in the Hanford Environmental Information System (HEIS). Because clean closure
cannot be achieved, a post-closure groundwater monitoring plan will be prepared for the TSD unit based
on WAC 173-303-610(8)(b). A post-closure plan covers "a description of the planned groundwater
monitoring activities and frequencies at which they will be performed." The post-closure period is
established in WAC 173-303-610(7).

A.l. 1 Study Objective

Develop a post-closure groundwater monitoring program in accordance with WAC 173-303-645(9)
for the S-b0 TSD unit.

A.1.1.2 Members and Roles of the DQO Team

Team Members. Participants in deriving the final groundwater monitoring plan includes staff from
Pacific Northwest National Laboratory, U.S. Department of Energy Richland Operations Office
(DOE/Ri), and Fluor Hanford, Inc. Objectives, requirements, and concerns will be further refined and
addressed through consultation first with DOE (decision makers, owner/operator) and Fluor Hanford Inc.
(current co-operator for the TSD unit). Following the incorporation of DOE and Fluor comments/
recommendations, the monitoring plan will be transmitted to the Washington State Department of
Ecology (Ecology) by DOE.
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A.1.1.3 Site Conceptual Model

A description and history of the S-10 is provided by Williams and Chou (2002). The history of
operations at waste sites adjacent to S-1 0, particularly those upgradient of, or very near this TSD unit,
indicate that some observed groundwater contamination beneath S-10 could have originated from waste
sites other than S-10. This circumstance forces the realization that discriminating between the contri-
butions of each waste site to groundwater contamination beneath this cluster of disposal sites may not be
possible. For the S-10 specifically, the release mechanisms, fate and transport parameters, contaminant
distribution, and receptors are described by DOE (2004). It is likely that this set of properties also applies
to the waste sites adjacent to S-10 that received liquid waste in roughly the same volumes and from the
same source. Hence, these adjacent sites are considered in the DQO process for determining contam-
inants of concern. For chromium, it is problematic to what extent the S-10 has affected groundwater
quality versus the adjacent waste sites. If contamination is detected in downgradient wells at the S-10, it
may have originated at other waste sites upgradient of S-10. Hence, Table A. 1 is presented as a means for
showing the potential overlap of waste streams from nearby waste sites that may have contributed to
groundwater contamination detected at the S-1 0. Because chromium has been detected above background
in recent soil analyses (DOE 2004), it is assumed in this model that the S-10 is a contributor to chromium
contamination of groundwater.

Other aspects of the conceptual model are taken from Williams and Chou (2002) as follows:

" The large volume of water (6.6 x 109 L [1.7 x 109 gal]) discharged to the S-10 was sufficient to wet
the soil column down to groundwater beneath both the unlined ditch and the pond.

" Waste streams discharged to this facility were classified as neutral to basic, low ionic strength, and
low organic content (WHC 1990, Appendix C). These effluent chemical characteristics are favor-
able for sorption of certain heavy metals (see bullets below) by vadose zone sediment.

" Fine textured sedimentary layers allowed subsurface, lateral spreading beyond the boundary of the
pond system. As a result, wastewater may have affected both upgradient and downgradient
monitoring wells.

" Many of the contaminants of concern are assumed to be mobile (non-adsorbed) because they are
either anions (including the oxymetal anions, e.g., chromate) or are non-charged chemical species
(volatile and non-volatile organics).

" There is no surface barrier to natural infiltration. An average net natural infiltration rate of 10 cm
(3.9 in.) per year is assumed for the surface covering of coarse sand and sparse vegetation (located in
a recharge zone designated as 5 to 10 cm [1.97 to 3.9 in.] per year).
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A.I.1.4 Problem Statement

I storical records indicate that the release to the S-I 0 of high-salt waste (simulated tank waste)
containing hexavalent chromium and other regulated wastes is the basis for the waste site being identified
as a )SD unit. A one-time release of 416.4 1, (110 gal) of sy nthetic double-shell tank waste was released
to the S-I 0 pond and ditch system in September 1983 (DOE 1 987). Chromium concentrations, especially
in the well 299-W26-7, increased above the maximum contaminant level (MCL) (highest Value 

576 pg/.) and then dropped below the MCL between October 1995 and July 1998. suggesting a transient
release event (William s and Chou 2002). Although well 299-E26-7 is an upgradient well, it is located
very close to one lobe of the pond systemn. Wastewater from the pond may have intersected this well by
spreading laterally in the subsurface. Detailed results from grouindwater monitoring activities are
discussed in Williams and Chou (2002, Section 4). The history of operations at waste sites adjacent to
S-10. particularl those upgradient of, or very near this TSI unit, indicate that sonic observed ground-
water containnation beneath S-1 0 coUld have originated from waste sites other than S-1 0 (see Table A. I)
In addition, the declining water table in the 200 West Area, especially in the vicinity of the S- 10. causld
many RCRA-compliant wells to go dry. Initially, there were six compliant (WAC 173-160) groundwater
monitoring wells installed in 1990 and 1991. Two upgradient wells (299-W26-7 and 299-W26-8) and
three dow ngradient wells (299-W26-9, 299-W26-10, and 299-W26-1 2) monitored the upper 4.5 to 6 m
(15 to 20 Qi) of the uppermost aquifer and one perched water \\ell 299-W26-1 1. Another well (299-W27-2)
was installed in 1993 and monitors the lower 3 m ( 10 ft) of the uppermost aquifer. All of the original six
upper aquifer monitoring wells have gone dry. A replacement well (299-W26-13) was added to the
network (completed ill January 2000) downgradient of the S-1 0 pond. Another downgradient well
(299-W26-1 4) was installed iin A pril 2003 downgradient of the mid-point along the ditch as a replacement
well lor well 299-W26-1 0, which went dry in 1999. Hence, the site currently only has two downgradient
wells (299-W26-1 3 and 299-W26-1 4) that monitor the top of the unconfined aquifer. Well 299-W27-2
monitors the bottom of the unconfined aquifer and is used for supplemental information only.

Because clean closure cannot be achieved for this TSD unit regarding groundwater at this tine, the
closure plan req(Uires development of a post-closuire groundwater monitoring plan as part of post-closure
care bor the S-I 0. Hence, this DOt) documents the process necessar to derive the appropriate ground-
wter monitoring approach under the tsslion that c/ela closure cannot be achieved. Add itional ly.
because of the proximity of the S-10 to other waste sites, particular care is needed to formulate a ground-
water monitoring network and sampling and analysis plan.

A.2.1 Step 2: Identification of the Decisions

Because it is assumed that clean closure cannot be achieved for the TSD unit regarding groundw ater.

the process to monitor the TSD unit as a land disposal unit (surface impoundment) will be carried out in

accordance with applicable requirements described in WAC 173-303-610 and WAC 173-303-645.
WAC 173-303-610(7) and (8) identities the post-closure plan requirements. WAC 1 73-303-806(4)(a)(xx)
further specify one of two distinct approaches to protection ol groundwater through ionitoring:

0 A detection monitoring program whichi meets the requirements of WAC 173-303-645(9) if presence

of dangerous constituents in groundwater have not been detected at the point of compliance at the
tinc of the permit application
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s A compliance monitoring program which meets the requirements of WAC 173-303-645(10) if
dangerous constituents have been detected in the groundwater at the point of compliance.

However, alternative requirements for groundwater monitoring may be granted (by Ecology) in

accordance with WAC-173-303-645(1)(e) if a dangerous waste unit is situated among other waste

management units or area of concern, a release has occurred, and both dangerous waste unit and one or

more of the solid waste management units or areas of concern are likely to have contributed to the release.

The principal study questions (PSQ) to resolve whether a detection monitoring program or a

compliance monitoring program should be implemented during the post-closure care period for the S-10
and the alternative actions are presented in Table A.2. This table also provides a relative estimate of the

severity of the consequences of taking an alternative action if it is inappropriate.

A.3.1 Step 3: Inputs to the Decisions

This step is to identify the information inputs and/or supporting evidence required to resolve the

PSQs.

" Discharge history/inventory for the S-10.

o Constituents identified in the Part A Permit Application for the S-10 TSD unit.

" Discharge histories/inventories of adjacent waste sites that may have affected groundwater beneath
216-S-10 (e.g., 216-S-17 swamp).

" Groundwater monitoring that has been conducted at this site since 1991, with voluminous data

available for interpretation, with results indicating:

- Elevated chromium above drinking water standards in well 299-W26-7.

- Presence of hexavalent chromium in some wells

- No primary or secondary drinking water standard (DWS) or constituents given in WAC 173-303-
645(4) have been exceeded.

- Current and historical interpretations of groundwater flow rates (travel times) and directions since
the 1960s indicate that discharges to nearby facilities could also account for contamination upgra-
dient and downgradient of the S-10.

- Distribution of other groundwater contaminants in the vicinity of S-10

" Updated hydrostratigraphic interpretations for the 200 West Area (e.g., Williams et al. 2002).

" Timing of arrival of contamination in downgradient wells at S-10.
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Table A.2. Summary of Data Quality Objective Step 2 Information

Severity of
Consequences of Implementing the Wrong Consequences

PSQ/AA # Alternative Action Alternative Action (Low/Moderate/Severe)

PSQ Is detection monitoring appropriate for post closure care period?

1-1 No action - proceed with Implement an incorrect groundwater Moderate
detection monitoring (i.e., "the monitoring program
presence of dangerous
constituents at the point of
compliance for 216-S-10 Pond
and Ditch has not been
detected")

1-2 Implement compliance Resources misused by excessive Moderate
monitoring (i.e., "the presence sampling/analysis
of dangerous constituents at
thepoint of compliancefor
216-S-10 Pond and Ditch has
been detected")

1-3 Implement alternative * Resources misused by excessive Severe
groundwater monitoring sampling/analysis
requirements (e.g., * Contamination may be incorrectly
coordinating with CERCLA attributed to S-10.
and/or AEA)

PSQ #2 Are the constituents of concern necessary and sufficient for the selected mode of monitoring?

2-1 Use existing constituents Unnecessary cost of data Moderate
(CIPs + site-specific analyses/management, or the list of
parameters) semiannually per constituents is incomplete
Williams and Chou (2002).

2-2 Reduce less mobile site- May initially miss trends for some Low
specific parameters to less constituents of concern, but due to lower
frequent sampling frequency head in the aquifer flow rates are slowing

2-3 Determine if constituents are Unnecessary cost of data collection, Moderate
appropriate, based on Part A analysis/management if constituents do not
Permit Application yield additional insight.
constituents

PSQ 03: Is the monitoring network adequate for purposes of determining whether TSD unit constituents
(e.g., chromium, nitrate) from the TSD unit have impacted the groundwater?

3-1 Use existing network per Monitoring network is inadequate unless Severe
Hartman et al. (2006, p. B.17) new wells are installed

3-2 Drill and install new If the wells do not add to understanding of Low
monitoring wells to contaminant source(s): Unnecessary cost
supplement existing well of drilling new monitoring wells.
network. Unnecessary cost of analyzing and

managing data. However, new wells are
necessary for compliance.
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" Soil sampling and analyses at the S-10 (DOE/RL 2004), which indicate:

- Arsenic, mercury, and silver above groundwater protection levels in soil in the 216-S-10 ditch.

However, these constituents are not S-10 TSD unit constituents on the Part A Permit Application

- Chromium, copper, lead, nickel, vanadium, zinc, nitrate, halogenated hydrocarbons, and organic

compounds above background levels. Except for chromium and nitrate (an assumed byproduct of

nitrite), these constituents are not pertinent to S-10 TSD unit constituents on the Part A Permit

Application

" Conceptual model that integrates the above considerations.

A.1.4 Step 4: Definition of the Study Boundaries

Boundaries are dictated in general by regulations (WAC 173-303-610(7) and (8) and others by
reference). The following bounding parameters constrain the scope of the study for detection monitoring:

o Spatial boundaries

- Areal boundaries are defined by the upgradient (background) and downgradient, and as defined in

WAC 173-303-645(6) monitoring wells surrounding the TSD unit.

- Additional spatial boundaries may be identified on the basis of constituent trends and spatial
variability in concentrations reflected by individual wells and the proximity of other waste sites.

- A vertical surface located at the hydraulically downgradient limit of the S-10 that extends down
into the uppermost aquifer underlying the S-10.

" Temporal boundaries

- After closure of S-10, through the post-closure care period (The post-closure period may be
30 years, but can be shortened or lengthened by Ecology at any time in accordance with
WAC 173-303-610(7).)

A.1.5 Step 5: Develop Decision Rules

Questions I and 2 are intended to address PSQ- 1.

1. If the decision inputs indicate that "the presence of dangerous constituents at the point of compliance

for S-10 has not been detected" is accepted, then apply a detection monitoring program to the S-10.

2. If the assertion that "the presence of dangerous constituents at the point of compliance for S-10 has

been not detected' is NOT accepted, then develop a compliance monitoring program for the S-10.

Questions 3, 4 and 5 are intended to address PSQ-2.

3. If conditions specified in WAC-173-303-645 (1)(e) are met (i.e., if S-10 is situated among other solid
waste management units or area of concern, a release has occurred, and both the S-10 and one or
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more of the solid waste management units or areas of concern are likely to have contributed to the
release), then an alternative requirement that replaces all or part of the requirements of
WAC 173-303-645 may be sought for the post closure care groundwater monitoring program for the
S-10.

4. If evaluation of groundwater, soils, and waste streams at the site indicates that current constituents
(i.e., Williams and Chou 2002) are insufficient for post-closure monitoring, then derive an appro-
priate constituents list for the post-closure monitoring program using other data, such as Table A. 1.

5. If the constituents of concern (or derivatives, such as nitrate) listed in the Part A Permit Application
are appropriate for post-closure monitoring, then apply these to the constituents list.

Question 6 is intended to address PSQ-3.

6. If the monitoring network is inadequate for purposes of tracking constituents that have potential of
impacting groundwater, then add new wells through selection of existing wells or drilling of new
wells.

A.1.6 Step 6: Not Applicable

A.1.7 Step 7: Optimize the Design

Optimization of the S-10 post-closure groundwater monitoring plan design will occur by integrating
information from the above steps. The purpose of this step is to identify a resource-effective field
investigation sampling design that generates data expected to meet the decision performance criteria
specified in previous steps. The PSQs embody the primary decisions to be made in the development and
maintenance (as needed) of the plan. Below are the types of activities for development and maintenance
that may occur to optimize the plan. Additional iterations of this step may be needed to arrive at the
optimum design.

A.1.7.1 Monitoring Program Type

At present, and based on decision inputs, it is recommended that a detection-level monitoring
program be implemented. Thus far, no dangerous constituents have been identified at concentrations of
concern, nor have any primary drinking water parameters been exceeded at the S-10 TSD unit in down-
gradient wells with the exception of carbon tetrachloride in deep well 299-W27-2-interpreted to
originate from a source to the northwest of the S-10. Should these conditions change, the level of
monitoring will be re-evaluated.

A.1.7.2 Constituents of Concern

Groundwater constituents list for the S-10 consists of the site-specific parameters identified on the
Part A Permit Application and ancillary surrogate parameters for sampling and analytical quality
assurance. Selection of the site-specific constituents is based on:

* Constituent is a dangerous waste constituent identified in the Part A Permit Application, or
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" Constituent is a mobile decomposition product of constituents in (1) (i.e., nitrate from nitrite) of a

Part A constituent, or

" Constituent is a reliable indicator of constituents in (1) (e.g., specific conductance).

Based on the above criteria, the parameters and sampling frequencies shown in Table A.3 are those

selected for groundwater monitoring at the S-10.

Table A.3. Wells, Constituents, and Sampling Schedule for the 216-S-1 0 Pond and Ditch

Constituents of interest Supporting Constituents

B8817 299-W26-13 Downgradient C S S S S S S A A A S S S S

B8828 299-W26-14 Downgradient C S S S S S S A A A S S S S

N/A 3 rewwellssr Ilupgradient, C s s s s S S A A A S S S S
2 downgradient

A5410 299-W27-2 Base of meaon- C S s S S S S A A A S S S S
fined aquifer;
information only

(a) Field measuremrent.
(b) Anions - Analytes include but not burited to chloride, nitrate, and sulfate.

(c) Metals - Analytes include but not limited to calcium, potassirun, mnagnesiumn, and sodiurn.
(d) At least quarterly for wne year to establish background.

A = To be saampled annually.
C = Well is constructed as a WAC 173-160 resource protection well.
S - To be sampled semiannually.

A.1.7.3 Evaluation of Data

Site-specific parameters will eventually be evaluated according to one of the alternatives described in

WAC 173-303-645(8)(h). Because of the current inadequacies in the well network, it will be necessary to

install new monitoring wells and accumulate background data on the groundwater from those wells before

statistical comparisons can be made. In the interim, the constituents in Table A.3 will be evaluated by

tracking and trending concentrations in all wells and comparing these results with the corresponding
DWS or Hanford Site background concentration for each constituent. If a comparison value (background

or DWS) is exceeded as described in Table A.4 for each constituent, Ecology will be notified.

Notification of the conditions indicated in Table A.4 will normally occur through the regular

reporting procedures of the Hanford Groundwater Performance Assessment Project (PNNL 2005). In

exceptional cases, at the discretion of project management, results may be reported to DOE as soon as a

result is evaluated.
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Table A4. Constituent List and Comparisons

Constituent
(DWS or SDWS in jg/L unless Sampling Action if Result Exceeds

noted) Frequency Type of Comparison (Value) Comparison Value

Site-Specific Parameters -EN N M S E
Hexavalent chromium (100 for Semiannual Trending and comparison to DWS(' Verification/Notification
total Cr)(a)

Chloride (250,000) Semiannual Trending and comparison to SDWS Notification

Fluoride (2,000) Semiannual Trending and comparison to SDWS Notification

Nitrate as NO, (45,000) Semiannual Trending and comparison to DWS Notification

Nitrite as nitrogen (1,000) Semiannual Trending and comparison to DWS Notification

Specific conductance (field)() Semiannual Trending and comparison to site- Verification/Notification
wide background(ab)

Additional Parameters-
Alkalinity Annual Use for calculation of charge balance NA
Metals, in addition to chromium Annual Trending and comparison to DWS Notification only if a metal

and/or backgroundab exceeds a primary DWS

pH (field) (6.5 to 8.5) Semiannual Trending and comparison to DWS Notification only if a value
falls outside DWS range for
two consecutive sampling
events

Temperature (field) Semiannual Information and sample quality NA
screening

Turbidity (field) Semiannual Information and sample quality Project Scientist notified if
screening turbidity exceeds 5.0 NTU

(a) These constituents will be subject to statistical tests after background is established.
(b) Background is defined as unfiltered results in the 90' percentile confidence level in DOE (1997). "New site-wide"

values are used where available. Otherwise, historical background is used.
DWS = Primary Drinking Water Standard (U.S. Environmental Protection Agency).
SDWS = Secondary Drinking Water Standard (U.S. Environmental Protection Agency).

A.1.7.4 Adequacy of the Well Network

The TSD unit currently has only two downgradient wells and no upgradient well. Three new wells

are currently in the planning stage and, when installed, will bring the S-10 into compliance with

regulatory requirements. If groundwater flow direction changes or additional wells go dry, the network

will be re-evaluated for adequacy. The installation of new wells is subject to prioritization through the

Tri-Party Agreement and documented in Tri-Party Agreement Milestone M-24-57.

Because of the proximity of the S-1 0 to surrounding cribs, ponds, and ditches, special care must be

taken in attributing contamination to the S-10. As an example, upgradient well 299-W26-7 (now dry) has

produced chromium (predominantly hexavalent chromium) concentrations significantly above DWS.
However, this well is so close to the western side of the S-10 pond that the S-10 pond itself may have

been the source of chromium. Alternatively, the source may have been the "grossly contaminated"

216-S-17 pond (swamp) immediately upgradient of both S-10 and well 299-W26-7. Likewise, other
upgradient waste sties (e.g., S-5 and S-6 cribs) may have contributed contamination to groundwater that is

now flowing beneath the S-10 TSD. Some of the difficulty in resolving the source of contamination may

be ameliorated by the installation of the new wells.
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Well Construction and Completion Summaries
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